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The engineering soils map of Washington County, Indiana which accompanies this report
was prepared by airphoto interpretation techniques using accepted principles of observation
and inference. The 7-inch x 9-inch aerial photographs used in this study, having an
approximate scale of 1:20,000, were taken in the summer of 1938 for the United States
Department of Agriculture and were purchased from that agency. The attached Engineering
Soil Map was prepared at a scale ratio of 1:63,360 (1 inch = 1 mile).
Standard symbols, which were developed by the staff of the Airphoto Interpretation
Laboratory of the School of Civil Engineering at Purdue University, were employed to
delineate landform-parent material associations and soil textures. The text of this report
represents an effort to overcome the limitations imposed by adherence to a standard
symbolism and map presentation.
Extensive use was made of the Agricultural Soil Survey of Washington County published
in 1988 (1). It was particularly useful as a cross-reference to check soil boundaries, and to
locate gravel pits and ponds which were not present on the 1938 aerial photographs.
Numbers in parentheses refer to items in the list of references.
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The map and report are part of a continuing effort to complete a comprehensive soil
survey for the state of Indiana. Included on the map is a set of subsurface soil profiles which
illustrate the approximate variation that is anticipated in each landform-parent material area.
The profiles were constructed from information obtained from agricultural literature and from
boring data collected from roadway and bridge site investigations (27-38). Boring locations
are shown on the map. Appendix A contains a summary of classification test results for these
locations.
The text of this report supplements the Engineering Soil Map. Furthermore, it includes
a general description of the study area, a description of the different landform-parent material
regions, and a discussion of the engineering considerations associated with the soils found in
Washington County.
The predominant soils associated with each landform-parent material classification are
covered in the discussion of the different landforms in the county. The physical, chemical, and
engineering index properties of these soils are included in Appendices B and C.
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DESCRIPTION OF THE AREA
GENERAL
Washington County is located in southern Indiana as illustrated in Figure 1, and is about
midway between the eastern and western boundaries of the State. The County is bordered by
eight other counties. These are Jackson County on the north, Scott County and Clark County
on the east, Floyd County on the southeast, Harrison County on the south, Crawford County
on the southwest, Orange County on the west, and Lawrence County on the northwest. Salem,
the county seat, is located along the West Fork of Blue River in the central part of the county,
approximately 83 miles south of Indianapolis.
The northern boundary of the county lies about 70 miles south of Indianapolis and the
southern boundary about 30 miles north of the Ohio River. The county is about 22 miles wide
(east-west) by 23 miles long (north-south) and has a land area of 330,624 acres, or 517 square
miles.
Washington County is served by one railroad and by a small airport, which is located one
mile west of Salem. Washington County also has about 1 12 miles of federal and state highways
and 890 miles of all-weather county roads. Some of the county roads are paved (1).
The population of Washington County was approximately 21,920 in 1980. At that time
Salem had a population of about 5,500, which is 25 % of the total population. The population
of Washington County increased 8.8 percent since 1970, and this trend is expected to continue
in the future. The population density in 1980 was 42 people per square mile. A population
summary of the important cities and towns in the county is given in Table 1.
Farming is the leading enterprise in the county. Cash grain and livestock are the major
agricultural products. The major kind of livestock is beef cattle. Woodland makes up about
































FIGURE 1. LOCATION MAP OF WASHINGTON COUNTY
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that of pasture decreased by 7.6 percent, that of idle land decreased by 16.5 percent, and that
of woodland decreased by 16.1 percent. This trend is expected to continue. About 7460 acres
in the county, or 2 % of the total acreage, is urban or built-up lands. The acreage used for
urban development is expected to increase (1).









Campbelssburg 695 678 17 2.51
Fredricksburg 233 207 26 12.56
Hardinsburg 298 263 35 13.31
Little York 150 191 -41 -21.47
Livonia 120 120 — —
New Pekin 1125 912 213 23.36
Salem 5290 5041 249 4.94
Saltillo 134 134 — —
Urban Areas 8045 7546 499 6.61
Rural Areas 13887 11732 2155 18.37
County Total 21932 19278 2654 13.77
CLIMATE
The climate of Washington County is typically continental. The humidity is high and the
temperature change is remarkable seasonally. Table 2 and 3 give data on temperature and
precipitation for this area as recorded at Salem, Indiana.
In winter the average temperature is 33 degrees F, whereas the average temperature in
summer is 74 degrees F. In this county, the highest and lowest recorded temperatures are 105
and -32 degrees F. The total annual precipitation is 43.35 inches, and 53 percent of this usually
falls in April through September. Thunderstorms occur on about 45 days each year (1).
May Jun Jul Aug Sep Oct Nov Dec
73.2 84.8 86.4 84.0 83.2 65.6 57.6 46.8
50.4 61.6 65.4 64.1 57.9 40.9 37.6 27.5
5.35 1.98 7.86 5.45 1.41 3.04 4.47 6.57
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Table 2. Climatological Summary For Washington County ( 13 )
Monthly statistics at Salem
Jan Feb Mar Apr
1978 TMAX 28.2 29.8 48.3 68.5
TMIN 11.3 9.7 28.1 44.4
PREC 4.06 0.54 3.90 3.55
SNOW 23.5 3.6 11.6 0.0
1979 TMAX 29.9 35.5 57.6 64.3 75.0 84.2 83.3 83.9 78.4 67.9 55.1 46.8
TMIN 12.5 14.6 36.0 41.8 49.7 60.2 64.1 63.5 54.5 44.7 33.6 28.5
PREC 4.41 5.07 3.83 5.58 3.85 4.66 7.89 5.27 4.33 1.92 7.81 3.15
SNOW 17. 8 11.5 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.5 0.0
1980 TMAX 38.8 36.5 48.9 63.9 76.6 83.9 91.3 90.5 81.9 67.4 53.6 44.4
TMIN 24.3 17.2 29.4 39.8 53.0 59.1 67.5 67.5 58.5 40.1 32.5 26.9
PREC 3.08 1.30 5.63 2.97 3.75 4.03 5.11 2.96 2.44 2.67 2.25 1.30
SNOW 9.0 6.5 6.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.5 1.0
1981 TMAX 36.7 48.4 55.3 72.7 71.7 85.1 86.8 84.4 77.3 67.1 56.9 40.2
TMIN 17.7 25.2 30.1 48.6 49.3 63.6 66.1 62.3 53.9 43.6 34.7 22.9
PREC 0.57 3.03 2.51 6.07 5.52 3.64 2.60 3.53 3.71 3.01 2.21 3.34
SNOW 2.5 2.3 5.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 9.5
1982 TMAX 35.5 42.6 59.0 62.7 82.1 80.2 86.9 83.8 77.2 71.7 57.0 52.0
TMIN 15.4 22.7 33.1 37.9 54.9 56.9 65.1 59.9 55.0 44.2 37.8 35.8
PREC 9.48 1.58 4.81 2.98 4.88 4.57 2.92 5.33 5.08 3.61 4.95 5.78
SNOW 10.0 8.0 0.8 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1983 TMAX 41.0 48.4 56.2 61.0 73.1 85.1 93.0 92.5 82.3 68.6 57.6 34.3
TMIN 26.5 25.8 34.5 40.3 47.2 58.4 66.4 66.5 55.8 47.3 37.0 17.0
PREC 1.45 0.77 2.08 7.85 9.18 2.55 1.18 5.27 2.33 9.13 5.33 3.66
' SNOW 1.9 2.6 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0
1984 TMAX 35.0 52.0 47.5 64.4 72.9 86.8 84.6 86.3 78.5 71.4 54.4 52.3
TMIN 18.0 28.9 29.4 42.4 49.5 63.0 60.7 62.9 53.6 53.2 32.6 34.2
PREC 0.94 1.18 4.10 6.12 5.41 1.01 3.95 0.88 1.98 2.61 5.26 5.00
SNOW 8.6 5.6 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.8
1985 TMAX 30.5 38.6 59.3 70.7 75.8 80.8 85.6 82.5 79.4 70.1 59.1 37.9
TMIN 15.9 20.0 37.5 46.0 54.6 59.3 63.9 62.5 53.4 49.8 43.8 19.9
PREC 2.27 1.76 7.69 1.18 5.64 7.77 4.51 7.67 0.80 3.56 7.48 1.70
SNOW 10.9 4.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.4
1986 TMAX 43.7 45.2 59.2 70.6 76.2 84.9 87.7 83.1 81.8 67.9 51.3 42.6
TMIN 22.0 28.4 35.5 43.5 54.9 63.2 67.1 59.1 60.6 46.6 36.7 27.1
PREC 1.25 4.47 3.45 2.20 1.68 2.41 6.70 2.96 4.12 4.91 3.81 2.18
SNOW 0.0 7.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1987 TMAX 38.5 46.9 58.6 65.9 82.2 84.4 87.3 88.6 82.2 64.0 61.2 46.1
TMIN 24.4 28.2 34.7 40.7 55.6 62.3 65.8 63.6 55.1 37.2 37.4 30.2
PREC 0.92 5.11 1.66 1.50 2.55 4.13 3.96 0.56 1.82 1.19 2.63 3.98
SNOW 2.8 2.6 5.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5
1988 TMAX 38.5 43.1 55.8 68.8 78.7 90.0 90.4 88.2 78.7 61.3 56.2 46.4
TMIN 24.4 22.7 33.5 40.2 49.3 56.6 65.4 65.4 56.0 36.8 35.2 25.1
PREC 0.92 5.49 3.70 2.66 0.97 0.4611.16 1.38 5.00 2.85 5.46 2.40
SNOW 2.8 8.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.5
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Average seasonal rainfall is about 19 inches. On the average, 12 days of the year have at
least one inch of snow on the ground. The prevailing wind is from the south-southwest with
the highest average windspeed, 10 miles per hour, occurring in spring.
Table 3. Twenty-Eight Year Normal Climate Data (1)
(recorded in the period 1951-78 at Salem, Indiana)








January 40.5 21.5 31.1 3.43
February 44.6 23.9 34.3 3.13
March 54.2 32.0 43.1 4.56
April 67.5 43.0 55.3 4.06
May 76.0 50.9 63.5 4.36
June 84.6 60.0 72.3 3.99
July 87.5 63.5 75.5 4.59
August 86.5 61.2 73.8 3.05
September 81.3 54.8 68.1 2.87
Ovtober 69.8 43.1 56.5 2.52
November 54.8 33.7 44.3 3.19
December 44.1 26.0 35.0 3.60
Annual 44.1 26.0 35.0 —
DRAINAGE FEATURES
Drainage features of Washington County are shown in Figure 2, Drainage
Map — Washington County, Indiana, prepared by the Joint Highway Research Project, Purdue
University, 1952. The county is drained by four river systems, principally the three Forks of
Blue River. The northern and eastern parts are drained by the East Fork of White River either
directly or by way of the tributary Muscatatuck River and its branches; a small area in the
western part is drained by the headwater branches of Lost River, which also eventually flows
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FIGURE 2. DRAINAGE MAP OF WASHINGTON COUNTY ( 14 )
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by the headwater branches of the Muddy Fork of Silver Creek. The rest of the surface water
in the county drains to the southwest through the three Forks of Blue River (see Figure 2).
The waters of Lost River and the East Fork of White River empty into the Wabash River
to the west, and then into the Ohio River, whereas the waters of the Blue River and the Muddy
Fork of Silver Creek empty directly into the Ohio River to the south (2). Numerous sinkholes
occur in the southern and northwestern parts of the county. Surface water enters the sinkholes
and drains through caves into some of the streams.
WATER SUPPLY
The water resources are very limited in Washington County. Washington County lies
within two watersheds of Indiana as shown in Figure 3. The northern part belongs to East Fork
of White River watershed, whereas the southern part belongs to the Minor Ohio River
watershed. For surface water supply, only the East Fork of White River, the Muscatatuck
River, and the lower waters of the Blue River system are large enough to provide supplies of
municipal and industrial water throughout the year.
Groundwater is another source of water supply. Washington County is located in two
groundwater sections. They are Devonian and Mississippian Siltstone and Shales Section and
Mississippian Limestone Section (See Figure 4). Wells are driven to obtain reliable water
supply in most places. In most wells driven in bedrock, water is probably derived from
bedding-plane or lithologic-boundary aquifers. In general, the rocks of the Borden Group are
poor aquifers. However, one of the most reliable bedrock aquifers is the zone of contact
between Borden and Harrodsburg rocks. (Please refer to the section on Bedrock Geology for
the description of these bedrocks.)
-10-










FIGURE 4. GROUNDWATER SECTIONS OF INDIANA ( 15 )
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In addition, large quantities of water are stored in some sand and gravel aquifers. The
deposit of sand and gravel in the valley of the East Fork of White River probably is the largest
ground-water aquifer in Washington County. This deposit, 75 feet thick or more, could yield
enough water for industrial, municipal, and domestic use of the surrounding areas.
Although underground water is available in some areas, the water supply is still a major
problem in most of the county. Ponds and springs are used as a source ofwater in many places,
but they dry up or stop during periods of drought. In areas of karst topography, soils are
underlain by cavernous limestone and are subject to seepage. Therefore, they are not suitable
for new ponds. Also, sinkhole ponds in this area are only temporary. On the other hand, lakes
and ponds whose floors and sides are of rocks of the Borden Group probably will retain water
with very little leakage. At the town of Salem, water is obtained from Lake Salinda and Lake
John Hay. The water use summary for Washington County in 1989 is shown in Table 4.
Table 4. Water Use Summary for Washington County (16)
(1989 usage in millions of gallons)
MONTH SOURCE
Ground Surface Total
January 1.84 90.60 92.43
February 1.45 81.35 82.80
March 1.92 87.65 89.57
April 1.96 73.33 75.29
May 1.96 84.80 86.76
June 2.29 73.69 75.98
July 2.70 67.99 70.68
August 2.13 91.97 94.10
September 2.44 59.17 61.61
October 4.71 53.82 58.53
November 3.01 56.26 59.27
December 3.29 54.15 57.44
Total 29.70 874.76 904.46
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PHYSIOGRAPHY
The State of Indiana can be divided into nine physiographic regions based on surface
topographic features. Washington County contains parts of four of these sections: the
Scottsburg Lowland, the Norman Upland, the Mitchell Plain, and the Crawford Upland (2).
The Scottsburg Lowland occurs in the form of a narrow strip, that is characterized by long,
sloping valleys along the streams and a notable lack of steep hills. The Norman Upland is
predominantly of sandstone origin and has a rolling and dissected surface. The topography of
the Mitchell Plain has two unique features, namely rounded hills and sinkholes. Ponds are
also seen due to the temporary blockage of sinkholes. The Crawford Upland is also of
sandstone and shale origin. It is dissected and severely weathered (3). These regional
physiographic units are illustrated in Figures 5 and 6. With relation to its physiographic
situation in the United States, Washington County is a part of the Low Plateau Province.
TOPOGRAPHY
There are 17 quadrangle maps in the USGS 7 1/2-minute series that provide topographic
coverage for Washington County. They are the Becks Mill, Borden, Campbellsburg,
Fredericksburg, Hardinsburg, Henryville, Kossuth, Little York, Livonia, Medora, Palmyra,
Salem, Smedley, South Boston, Tampica, Tunnelton, and Vallonia Quadrangles.
The general topography of Washington County is shown in Figure 7. Most of the soil in
Washington County is on uplands and is moderately sloping to very steep. The soils on terraces
and flood plains generally are nearly level or gently sloping. The highest point of Washington
County reaches 1050 feet above sea level, which is an area of Franklin Township about 0.5
mile south of State Highway 56 and one mile northwest of New Philadelphia. The minimum
altitude in the county is less than 490 feet above sea level. It is in an area of Brown Township
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FIGURE 6. MAP OF SOUTHERN INDIANA SHOWING LOCATION
OF WASHINGTON COUNTY IN RELATION TO































FIGURE 7. TOPOGRAPHIC MAP OF WASHINGTON COUNTY ( 18, 19 )
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EXPLANATOIN
Elevation Range In Feet
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FIGURE 7. TOPOGRAPHIC MAP OF WASHINGTON COUNTY ( 18. 19 )
(CONTINUED)
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GEOLOGY OF WASHINGTON COUNTY
Washington County lies largely within the unglaciated area of the State; only a small area
in the northeastern part of the county is covered with glacial drift (4). Washington County is
located on the west flank of the Cincinnati Arch, between the arch and the deepest part of the
Illinois Basin (Figure 8). Thus, most of the rocks of the county dip west-southwestward toward
the basin. The regional dip is about 25 to 30 feet per mile (less than a third of a degree).
However, the direction and magnitude of dip will vary in places; sometimes the direction even
reverses due to anticlinal structures.
The surface deposits of Washington County are composed of bedrock of Mississippian
age (Figure 9), and unconsolidated materials of the Tertiary and Quaternary periods. The
bedrock in northern, northeastern, and eastern parts of the county are covered by till, sand
and gravel deposited by Ulinoian glaciers during the Pleistocene Epoch. During Wisconsinan
times, outwash from glaciers entered the northern part of the county and formed a valley train
in the East Fork (and tributaries) of White River. Finally, deposits of alluvium of Recent age
ranging from a few feet to a few tens of feet covered most of the lake deposits and the valley
bottoms of the county. These deposits consist mainly of clay, silt, sand and gravel.
Most of Washington County is covered by residual soils developed on bedrock. The
oldest rocks exposed are those near the base of the Mississippian section.
The Mt. Carmel Fault which crosses the northern boundary of the county is the notable
structural feature of Washington County. It probably formed in the early stages of formation
of the Cincinnati Arch and the Illinois Basin. It is a normal dip-slip fault with an approximate
dip of W. The eastern block is upthrown with respect to the western side. Vertical
displacement is estimated to be between 80 and 175 feet. No movement has been recorded
- 19 -
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FIGURE 8. MAP SHOWING POSITON OF WASHINGTON COUNTY
IN RELATION TO THE ILLINOIS BASIN AND














FIGURE 9. BEDROCK GEOLOGY OF INDIANA ( 20 )
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along this fault in historical time and, indeed, no indication exists of post-Paleozoic movement
(5). The fault is no longer active and represents no seismic hazard to the area (6).
BEDROCK GEOLOGY
The bedrocks of the Washington County lie entirely within the Mississippian System as
shown in Figure 10. This figure illustrates the disposition of the bedrock units as they would
appear today if there were no unconsolidated deposits present to cover them up. They contain
exposed formations ranging from the Borden Group (early-middle Mississippian) to the West
Baden Group (late Mississippian).
Near the base of the Mississippian System is the Borden Group. It is named for the town
of Borden in Clark County, and consists primarily of gray argillaceous shales and siltstones and
some thin limestones and thin fine-grained sandstones. Rocks belong to the Borden Group
are found in the eastern and northern parts of Washington County. The group is only 600 feet
thick in Washington County, about 300 feet of which is exposed at the surface (2).
Sanders Group, consisting mostly of coarse-grained fossiliferous limestone, overlies the
Borden Group. It is found in a curvilinear belt extending from the southeast to the northwest
part of the county. The Sanders Group consists of the Harrodsburg Limestone in its upper
part and the Salem Limestone in its lower part. The Harrodsburg Limestone, 60 to 80 feet
thick in Washington County, was named for the town of Harrodsburg of Monroe County,
whereas the Salem Limestone was named after the town of Salem, Washington County.
Within Indiana, the outcrop belt of the Salem Limestone extends from the bluff of the Ohio
Valley northward through Washington County (7). The Salem Limestone is 60-90 feet thick
in Washington County, and has been used commercially for building stone in Washington
County as well as in Lawrence and Monroe Counties.
-22-
JACKSON COUNTY




























West Baden Group - Shale, Sandstone, and Limestone;
Isolated Deposits are Semiconsolidated Sand
Blue River Group - Mostly Fine-grained Limestone
Sanders Group - Mostly Coarse-grained
Fossiliferous Limestone
Borden Group - Siltstone, Shale, Sandstone,
and Some Limestone
Mount Carmel Fault - U = Upthrown Side;
D = Downthrown Side
FIGURE 10. BEDROCK GEOLOGY OF WASHINGTON COUNTY (21,22)
(CONTINUED)
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Overlying the Sanders Group is the Blue River Group. The Blue River Group, named
for the Blue River, comprises the bedrock in the western and southern parts of Washington
County. It is mostly fine-grained limestone and has a thickness of 275 feet (2).
The Blue River Group is composed of three formations: the St. Louis Limestone, the Ste.
Genevieve Limestone, and the Paoli Limestone, in ascending order. Among them, the St.
Louis Limestone is more susceptible to solution by ground water than most other formations
in Washington County. In the regions underlain by the soluble St. Louis Limestone, undulating
karst topography is well developed, and numerous sinkholes are common. Also in this region,
most of the water is drained by underground streams flowing through cavernous limestone.
Finally, the West Baden Group, named after the town of West Baden in Orange County,
overlies the Blue River Group. It contains an alternating sequence of relatively thin
sandstones, shales, and limestones. The Group is present in the southwest corner of the county
as well as in some isolated spots in the central part of the county. A few sinkholes exist in the
southwest corner, and they are considered to be reflection of subsurface solution features
developed in the underlying older limestones (2).
The bedrock topography of Washington County is shown in Figure 11. The lowest
bedrock altitude exists in the northern part of the county, which corresponds to the East Fork
of White River and the tributary Muscatatuck River. The valley is now an extensive plain, and
has been filled with Kansan, Ulinoian and Wisconsin glacial outwash and Recent nonglacial
stream alluvium.
In the central and southern parts of Washington County, the channel of the Blue River
may cut down as much as 100 feet or more into the surrounding bedrock. In some places along
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material is found under terrace surfaces. Thus, bedrock benches are found here at about the
same level as valley-train terraces (2).
TERTIARY AND QUATERNARY GEOLOGY
The unconsolidated deposits of Washington County are illustrated in Figure 12. The
unconsolidated sediments in Washington County are of the Tertiary and Quaternary Systems.
The glacial drift of Illinoian and Wisconsin ages is present in the north and east, whereas
residual soils of Tertiary to Quaternary period are present in the west and south. Recent
alluvium is also found in most stream valleys.
Most of the deposits of Tertiary age in Washington County are residual soils. However,
the depositional timespan of these soils may range from early Tertiary to Recent. Weathering
of bedrock and deposition of rock residue is the main reason for the formation of these residual
soils. The red clay found in these residual soils probably is the residuum of decomposed
Mississippian argillaceous limestone, whereas the sands are probably derived from the
sandstones in West Baden Group (2).
The unconsolidated deposits of the Quaternary Period in Washington County include
sediments of Illinoian, Wisconsin, and Recent ages. The Illinoian and Wisconsin glacial
boundaries are shown previously in Figure 6.
The Illinoian glacial boundary extends into the northern and eastern parts of Washington
County. As shown in Figure 12, sediments of Illinoian age are found in the northeast corner
of Washington County as surface deposits (or under the surface deposits) on the flood plain
of the Muscatatuck River and its tributaries. They consist of two parts: tills and drifts of Jessup
Formation, and lake clay, silt and sand of the Lacustrine Facies of Atherton Formation. The




















FIGURE 12. UNCONSOLIDATED DEPOSITS OF WASHINGTON




Recent cm Silt, Sand, and Gravel - Mostly Alluvium,
but Includes Some Colluvial and Paludal Deposits.




Clay, Silt, and Sand - Lacustrine Deposits.






Silt, Sand, and Gravel - Mostly Alluvium,
but Includes Some Colluvial and Lacustrine Deposits.
Prospect Formation in Indiana
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Residual Soils Developed on Bedrock
FIGURE 12. UNCONSOLIDATED DEPOSITS OF WASHINGTON
COUNTY ( 24, 25 )
(CONTINUED)
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valleys in the county, especially the Upper Forks of Blue River and the tributaries of the East
Fork of White River are underlain by alluvial silt, sand and gravels, which are classified as
Prospect Formation in Indiana (2). For example, the South Fork of Blue River contains some
valley-train material, and scattered glacial pebbles are found in the streambeds of the other
two Forks of Blue River.
As shown in Figure 6, the Wisconsinan glaciation did not extend as far south as
Washington County. However, in Wisconsin time and pre-Wisconsin time the East Fork
served as a meltwater channel, and thus is filled with outwash deposits consisting of clay, sand,
and silt to depths of 50 to 100 feet. Outwash of Illinoian and older material may be preserved
under these deposits; however, much of the pre-Wisconsin glacial sediments have probably
been stripped away by erosion before Wisconsin age (2).
During Wisconsin time the valley-train built up in the East Fork of White River served
as a dam to the incoming Muscatatuck River and other branches. Thus the Muscatatuck River
and other tributaries are ponded. The lake deposits of Muscatatuck River valley are 40 to 70
feet thick (2).
There are also sand dunes of Wisconsin age found in the northern part of the county along
the banks of East Fork and some of its tributaries. Sand also occurs as a thin veneer over
terraces in many places. Loess of Wisconsin age is also very common in Washington County.
Among the Recent age sediments flood-plain silts, sands and clays cover most of the
stream valleys of Washington County. In the northern part, alluvium of Recent Age ranging
from 10 to 25 in thickness covers most valley-train deposits of the East Fork and the lake
deposits of the Muscatatuck River. In the southern part of the county, stream gravels and
flood-plain clays and silts also filled the Blue River and its three branches. The thickness of
these deposits varies from place to place (2). The total thickness of unconsolidated deposits
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in Washington County is shown in Figure 13. It can be seen that the thickness is less than 50
feet in most parts of the county. However, the thickness may reach 150 feet along the northern
border of the county, that is along the East Fork valley and the Muscatatuck River valley.
-32-
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The soils in Washington County consist of Quaternary unconsolidated sediments and
residual soils derived from limestone, siltstone, sandstone and shale bedrock. For mapping
and discussion purpose, these materials have been classified into five groups according to
parent material and landform in the following section. They are residual soils, glacial drift,
fluvial drift, lacustrine drift and eolian drift. Then they are further subdivided into smaller
groups for more specific description.
Each landform-parent material region is characterized by its overall extent, surface
morphology and character, and general soil profile. Classification based on both the United
States Department of Agriculture (USDA) textural designation and the American Association
of State Highway and Transportation Officials (AASHTO) System is included. In addition,
the agricultural soil series that form in each of the landform units are also indicated. Boring
numbers, which correlate with the classification test results tabulated in Appendix A, are
shown on the Engineering Soil Map for each soil unit. The physical and chemical, and
engineering index properties of these soils are presented in Appendices B and C.
On the accompanying Engineering Soil Map, the landform-parent material regions of
Washington County and the representative soil profiles of each of the regions are presented.
Plus signs ( + ) are used to represent loess cover. In order not to make the map too
complicated, a plus sign ( + ) is given only at the center of each section if a greater part of that
section is covered by loess. Similarly, letter s is used to represent considerable number of
sinkholes, and letter k is for well-developed karst topography. The engineering properties of
different regions are briefly addressed in the following text. The discussion provides the
investigator with a general idea of the engineering problem and engineering consideration
associated with each landform-parent material region. For more specific information, the
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reader is referred to the soil boring data in Appendix A, and the soil investigation reports in
the reference list. Nevertheless, local variation is possible within any given region, and the
information contained in this report should be used for preliminary design only.
RESIDUAL SOILS
The residual soils in Washington County are developed from the decomposition of rocks
such as sandstone, shale, siltstone and limestone. They constitute the surface soils or
near-surface soils for most parts of the county except the stream valleys. The thickness of these
residual soils is highly variable, especially in the limestone region.
Sandstone, Shale and Siltstone Residuum
Residual soils of sandstone, shale and siltstone are found in the northern and eastern
parts (Norman Upland) of the county. Small areas of residuum of sandstone, shale and
siltstone are also found in the southwest corner (Crawford Upland), which is very likely derived
from rocks of the West Baden Group. Parts of these residual soils are covered by thin blanket
of loess.
This map unit makes up about 24 percent of the county. Erosion caused by overgrazing
is the major hazard in this area. The soils in this area are generally unsuited to sanitary facilities
and dwellings. Typically, the surface layer is silt loam or loam. The subsoils consist of silt loam,
silty clay loam, clay loam, and loam (1). From boring data, the surface and subsurface soils
developed along these residual soils can be classified as A-4(8) and A-4(6).
The agricultural soils that form on the sandstone, shale and siltstone residuum are
Wellston, Zanesville, Berks-Weikert Complex, Elkinsville, Gilpin, Gilpin-Berks,
Gilpin-Berks-Ebal Complex, and Peoga series. The liquid limits lie in the range of 20 and 75,
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and plasticity indices ranges from NP to 20 (none to medium degree of plasticity) according
to Appendix C.
Boring number 48, 49, and 52 are located in this region.
Limestone Residuum
The limestone residuum occupies the largest portion of Washington County, and is
blanketed by a thin loess cover. Limestone residuum is the dominant soil in Mitchell Plain,
and is also found on the Crawford Upland and the Norman Upland (6).
In the Mitchell Plain, which is unglaciated, the dominant landforms are rounded knolls
with intervening lowlands, sinkholes, and associated depressions. Small areas are dissected
by small drainageways. The surface drainage is through sinkholes and associated subterranean
channels which are the indications of underlying limestone. As mentioned earlier, the St.
Louis Limestone in this area is most susceptible to solution by ground water and thus may have
most of the sinkhole developments.
A unique topography called karst can be seen in this area, especially on exposed
limestone. The term karst is applied to special topography that is formed on limestone,
gypsum, and other rocks by dissolution (8). It is characterized by numerous depressions, a
notable lack of surface drainage, and many caves and subsurface openings (6). These
underground cavities and induced sinkholes are the major problems in karst terrains.
Sinkhole formation is intensive in the southern and southwestern part of the county,
especially in the area surrounded by the towns of Hardinsburg, Livonia, Becks Mills,
Fredericksburg. Figure 14 illustrates the process of sinkhole development. A sinkhole density
map for Washington County is prepared from the drainage map simply by counting the number
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sinkholes and underground channels, surface streams are not well developed. The Blue River
and Lost River have cut into the Mitchell Plain (limestone residuum) deeply and form deep,
narrow valleys. Thick residuum is common on the drainage divide between sinkholes and
between valleys (9). On sideslopes, soils are usually thinner at the upper part than at the lower
part.
This map unit makes up about 60 percent of the county. Erosion is the major concern in
this area. Overgrazing is the major problem in controlling the erosion because the plant
density is reduced. About 73 % of this area is fairly well-suited to sanitary facilities, dwellings,
and recreational uses. Very minor extent of rock outcrops can be found on side slopes.
Typically, the surface layer is silt loam. The subsoil is silt loam and silty clay loam in the upper
part; silty clay loam, silt loam or silty clay in the next part; and silty clay or clay in the lower
part (1). The wide variation of soil profile in this landform is shown on the attached map.
From the boring data available in this area, the RQD values of the bedrock range from 20 to
95. The liquid limits range from 21 to 92, whereas plasticity indices fall between NP and 65.
The surface and subsurface soils developed along these residual soils consist of clay, silty clay,
silty loam, silty clay loam, clay loam, loam, and sandy loam. They can also be classified as
A-6(0-16, 18, 19), A-7-6(12, 14-20, 33), A-4(0-8), A-2-6, A-2-4, and A-7-5(45). Fragments of
limestone and chert are often encountered in these soils. The underlying bedrock is
interbedded limestone and shale.
The agricultural soils that form on limestone residuum are Bedford, Bromer,
Caneyville-Hagerstown, Caneyville-Rock Outcrop Complex, Crider, Crider-Frederick,
Frederick, Frederick-Baxter Variant Complex, Hagerstown, and Hagerstown-Caneyville
series.
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Boring numbers 1-16, 20-47, 58-225 are located in this region. According to the boring
logs, the soil profile in limestone residuum is very irregular and erratic. This is probably due
to the fact of irregular weathering and the formation of karst topography.
Engineering Considerations in Residual Soils
The residual soils, either derived from limestone or sandstone-shale, are susceptible to
weathering. In southern Indiana, the residual soils developed from limestone and shale are
relatively deep, and it is seldom that the unweathered rock formations are within 10 feet of
the ground surface. However, chert fragments are present in these residual soils at almost
every location and depths.
In the sandstone-shale area, care should be taken on fill material of embankment in
highway construction. Shale fragments are unsuited because of their low slaking durability
and difficulty in compaction. A mixture of sandstone and shale fragments is also unfavorable.
In limestone residuum area, karst topography and sinkholes are the major concerns.
Actually they are the major geologic hazards. The avoidance of karst areas is highly desired
because the construction and maintenance of highway in karst area is a challenge. The
unpaved ditchlines are very prone to sinkhole formation and collapse. To solve this problem,
engineers usually treat the ditchlines with an impervious material such as concrete to prevent
sinkholes development and enlargement, and backfill induced sinkholes with chunk rock (8).
Although this repair of sinkholes is always necessary to prevent further collapse, the fill of
sinkholes may alter the subsurface and surface drainage features. Thus, special filling material
and construction technique are needed.
In addition, sinkholes and cavities are also dangerous to shallow foundations. Deep
foundations founded on solid rock are recommended for moderate to large structures. It is
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also recommended that extensive subsurface exploration is necessary before design, especially
in mantled-karst areas where the overlying deposits obscure the potential of subsurface
erosion and sinkhole development. The exploration program may consist of the use of
standard penetration test borings, electric piezocone soundings, ground penetrating radar, and
piezometers to document the subsurface condition (8). A variety of geophysical methods are
also available to detect the location of cavities such as electrical resistivity, surface seismic,
crosshole seismic, acoustic resonance, electromagnetic and microgravity methods (8). In
planning cut and fill for highways, it is also necessary to pay attention to the rugged surface
and variable depths to bedrock.
In karst areas, seepage is also likely to occur which drains lakes and ponds. Another
greater danger comes from the leakage of sewage effluent storage pond which can cause the
contamination of groundwater. Under such circumstances, a grouting program might be
necessary.
GLACIAL DRIFT
The bedrock in northern, northeastern and eastern parts of the county is covered by till,
sand and gravel deposited by Illinoian glaciers. Parts of these glacial drift materials were later
covered by outwash of Wisconsin and alluvium of Recent age; the others are still exposed at
the ground surface. As it can be seen in the accompanying map, most of the glacial drifts are
located in the northeast corner of the county. The largest glacial till covered area is located
south of the town of Little York. In Washington County, the entire glacial drift is covered by
loess.
The map unit of glacial drift makes up one to two percent of the county. Erosion can
occur if the plant density is reduced. The soils in this area are poorly suited to sanitary facilities
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and dwellings. Typically, the surface layer is silt loam, and the subsoil consists of silt loam,
loam and clay loam (1). From the boring data in Appendix A, the liquid limits of these soils
range from 27 to 43, and plasticity indices from 2 to 24. The surface and subsurface soils
developed along these glacial drifts consist of clay, silty clay loam, silt loam, and loam. They
can also be classified as A-4(0,8), A-7-6(14), and A-6(10).
The agricultural soils that form on glacial drift are Avonburg, Cincinnati, Hickory, and
Rossmoyne series.
Boring numbers 51, 55, 56, 57 are located in this region.
Engineering Considerations in Glacial Drift
In Washington County, most of the glacial drifts are of Illinoian Age. The soils have been
weathered to a considerable depth so that the surface soils are predominantly silts (3). Thus,
they are too weak for highway subgrade. Either replacement or improvement of the soils is
necessary. The possibility of frost-heaving damage to highway pavement is quite low in spite
of the presence of silts. This is probably due to warmer climate and uniform heaving (3). In
addition, great difficulty may be expected in construction during wet season in Illinoian drift
area, where silts are prevalent. These silts are unstable at a moisture content even one percent
above their critical optimum moisture content. If sheepsfoot or tamping rollers are used to
recompact such soils, great care should be taken in constructing the fill with a considerable
crown (3).
The silts in Illinoian drift area are also susceptible to erosion, particularly the loess cover.
The glacial drift generally has poor gradation, and sometimes the buried channel under surface
deposits can cause serious engineering problems during highway construction.
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FLUVIAL DRIFT
Fluvial drift appears in two landforms in Washington County. They are flood plain and
terrace.
Flood Plain
Soils of flood plain generally are adjacent to the streams and in the lower areas away from
the streams. There are flood plains developed along the four river systems. In general, the
flood plains of the White River system are larger than those of the other three river systems.
The Middle Fork and South Fork of Blue River also have flood plains of considerable extent.
However, the main channel of the Blue River cuts into the surrounding bedrock as deep as
100 feet. Thus, only limited areas of flood plains have developed along the Blue River channel.
Besides, there is no loess cover on flood plain.
The largest flood plain appears in the northeast corner of the county. It is associated with
the Muscatatuck River, one of the branches of the White Riversystem. In the southwest corner
of the county, there are hanging flood plains developed due to the presence of sinkholes and
underground drainage.
In particular, the soil profile of flood plain along the East Fork ofWhite River has courser
grains in the lower part because the velocity of meltwater of Illinoian glacier is much higher
than the present stream (6).
This map unit makes up about 10 percent of the county. Wetness and flooding are the
major concerns in this area. The soils are generally unsuited to sanitary facilities and dwellings.
Typically, the surface layer and the subsoils are silt loams (1).
From the boring data, the surface and subsurface soils developed along these flood plains
consist of clay loam, silty clay loam, silty clay (with gravel), clay, limestone (with shale), sandy
loam (with gravel), silty loam, loam, and sand. Or they can be classified as A-2-6(0), A-2-4(0),
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A-4( 1, 4, 6, 8), A-6(5, 6, 8), A-7-6(6, 12, 13, 14, 15, 16, 17, 19, 25). The liquid limits fall between
24 and 55, and the plasticity indices range from NP to 25. The underlying bedrock is limestone
or shale.
The agricultural soils that form in these areas are the Bonnie, Burnside, Cuba, Haymond,
Nolin, Stendal, and Wakeland series.
Boring numbers 17-19, 50, 53, 54, 226-263 are located on flood plains.
Terrace
This map unit consists of soils on terraces and the higher rises away from the stream.
There are several reasons for the formation of terraces in Washington County. Some of them
are alluvial terraces, others are lacustrine terraces which are formed in choked (by valley-train)
and ponded stream valleys during Wisconsin age. Similarly, there are some terraces associated
with outwash of Wisconsin age. These terraces of different origin are grouped together
because they are closely related and sometimes adjacent to one another.
Terraces are distributed along the stream valleys of the four major river systems. Some
of the terraces are covered by eolian materials, or sand dunes (but not loess). The largest
terrace is located on the northern border where the Muscatatuck River enters the East Fork
of White River. Its formation is related to water action of the Muscatatuck River. There are
also lacustrine deposits because this area was ponded during Wisconsin age.
Terraces make up about 4 percent of the county. Wetness and erosion are the major
concerns. The soils are unsuited to sanitary facilities and dwellings. Typically, the surface layer
is silt loam or silty clay. The underlying materials are silt loam, silty clay loam, or silty clay (1).
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The agricultural soils that form in these areas are the Alvin, Markland, Chetwynd,
McGary, Montgomery, Pekin, Bartle, and Zipp series. According to Appendix C, the liquid
limits are smaller than 65, and the plasticity indices range from NP to 42.
No soils boring reports are available for terrace areas at the time of preparing this report.
Engineering Considerations in Fluvial Drift
Fluvial sediments are usually layered. Therefore, the permeability in the horizontal
direction is much greater than the vertical direction. The composition is highly variable, but
the soil typically is normally consolidated (10).
The engineering problems associated with flood plain are their low shear strengths, high
compressibility, and the danger of scour (6). As mention earlier, wetness and flooding are the
major concerns. It is also difficult to construct buildings or bridges because of the underlying
soft material.
For terrace, high potential of erosion is the major engineering problem, especially on the
side slopes. Moreover, terraces are very prone to circular type of failure. Usually these failures
occur after heavy rainfall.
Excavation is a problem in fluvial drift for both flood plains and terraces. This is mostly
due to high groundwater table. A dewatering program should be included in construction.
LACUSTRINE DRIFT
Lacustrine drift occurs in the form of lacustrine plain in Washington County. Besides,




Lacustrine plains are present in the northeast corner of the county. Most of them are
very small in areal extent, and they are all related to the tributaries of the Muscatatuck River.
All the lacustrine plains have a thin loess cover. The major lacustrine plain occurs around the
town of Little York.
Lacustrine plain makes up 1 or 2 percent of the county. Erosion and wetness are common
concerns in this area. The soils are poorly suited to sanitary facilities and dwellings. Typically,
the surface layer is silt loam, whereas the subsoils are silt loam, silty clay loam, and silt loam
(1).
The agricultural soils that form in these areas are the Dubois, Haubstadt, and Otwell
series. Their liquid limits are smaller than 50, and they have plasticity indices ranging from 3
to 30(1).
No soils boring reports are located on lacustrine plains at the time ofpreparing this report.
Engineering Considerations in Lacustrine Plain
The soils of lacustrine plain are moist in nature. They have low shear strength and high
compressibility. Therefore, they are prone to large settlement if loaded. The sediments of
lacustrine origin in Washington County have a silt texture in contrast to the clay-like texture
in the northern part of the state. Pavement design problems are also less than the northern
counties (3).
EOLIAN DRIFT
The eolian deposits actually almost cover the entire surface of the Washington County.
They are in the form of loess veneer and sand dunes. Since loess cover is relatively thin, it is
classified according to underlying materials and discussed in the previous section. Besides, it
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is not shown as an independent map unit on the Engineering Soil Map, but is identified by a
textural symbol ( + ). In the following section only sand dunes will be discussed.
Windblown Sand Deposit
Sand dunes are found on the area adjacent to the East Fork of White River. Some of
them occur on terraces, which has been discussed earlier. Others are deep windblown sand
deposits. Both of them are probably migrating sand dunes in Wisconsin age.
The agricultural soil that forms on windblown sand deposits is Bloomfield series. The
liquid limits are smaller than 20, and the plasticity indices lie in the range of NP and 3 (none
to slight degree of plasticity).
No soils boring reports are available for windblown sand deposits at the time of preparing
this report.
Engineering Considerations in Windblown Sand Deposit
Windblown sand deposits are always in a loose state because of their uniform gradation
and low speed of deposition (10). However, the soil profile of windblown sand deposit in
Washington County may be erratic and vary from place to place since no boring log is available.
Engineering Considerations in Mantled-loess Area
Loess has sufficient strength while it is dry. The highway cut slope in loess can stand
vertically if no water is added. Localized failure is possible on loess slope due-to freeze, thaw
and desiccation. Loess usually is loose-textured and has high porosity. For the loess soils from
midcontinental U.S., the pore space is generally composed of continuously connected pores
with a model pore size of about 5 to 10 (11). Moreover, almost all the pores are ink bottle
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pores, i.e., the pore throat to pore body ratio is relatively small. In Indiana, loess may be fairly




A number of quarries from which limestone has been removed are seen around the town
of Salem in the central part of the county. There is also an abandoned sandpit in the southeast
corner of the county.
Marsh and Swamps
A few marshes are seen around the county and are shown on the Engineering Soil Map.
The marsh and swamp soils are characterized by their low strength and high compressibility.
Furthermore, they become weaker with time and are generally corrosive (highly acidic) to
foundation material (10).
SUMMARY OF ENGINEERING CONSIDERATIONS IN WASHINGTON COUNTY
Table 5 is the summary of engineering considerations for different landform-parent
material regions in Washington County. Each landform-parent material and their associated
engineering problems are included in the table. However, the ranking shown in the table is
recommended to be used as a general guideline only. Site specific investigation is always
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PHYSICAL AND CHEMICAL PROPERTIES OF AGRIVULTURAL SOILS IN
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APPENDIX B. PHYSICAL AND CHEMICAL PROPERTIES OF AGRICULTURAL
























































































































































































































































































































































































































































































































































































































































































































































































1 ! 1 1
Soil oaae and |Depth!Clay | Moist j Permeability
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APPENDIX C. ENGINEERING INDEX PROPERTIES OF AGRICULTURAL
SOILS IN WASHINGTON COUNTY ( 1 )
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! i Classification Trag- Percentage passing
Soli naae and
ap symbol
j Depth j OSDA texture
i i
I !
f Unified 1 AASHTO
aents
> 3





1 i 1 1
i inches! 4 10 I 40 1 200 Index
i In I







Bo -', 0-7 |Sllt loan iCL |A-4, A-6
j
100 i 100 !95-10oi90-100 27-34 8-12
Bonnie ! 7-42|Sllt loan iCL |A-4, A-6 i 100 i 100 |95-100!90-100; 27-34 8-12
]42-60!Sllt loan, sllty |CL |A-4, A-6 i 100 ! 100 )90- 100] 80- 100! 25-39 8-15
1 j clay loan.
i
I
Br |KL, CL-ML, |A-4, A-6
. !
20-35 3-13i 100 '95-100 '90-100 ,B;>-iuui
Broaer
! CL t 1 1f 1 1 1
! 1 5- 28 ! S 1 1 1 loam, sllty ICL-KL, CL |A-6, A-4 ! 100 J 95- 100 190-100 85-100 25-40 6-20





128-62 [Sllty clay loan, ICL |A-4, A-6, i 95-100! 90-100 185-100 175-95 ! 30-45 9-24
! ! silt loan. ! A-7 1 1 1t 1 1 I
|62-80!Sllty clay, icH, GC, |A-6, A-7, 0-5 140-70 J30-70 J25-70 25-«5 35-60 15-35
i I cherty clay, ! CL, SC ! A-2 i i ii i i 11 1
! very cherty i i ii i i 1 11 1





Bu -i 0-16|Sllt loan, loan |ML, CL, jA-4 0-10 ! 100 ! 100 i 80-95 ! 75-95 20-35 2-10
Burns lde
!
CL-ML 1 1 1 i
I
! 16-50 ! Channery loan
,
ISC, GC, [A-2, A-4 10-60 135-80 130-60 130-50 26-45 <20 KP-10
1









! silt loam. 1 1 11 1 1 i i
1 ! 50 iUnweathered —
-










-! 0-5 iSilt loam ML, CL,
CL-ML








! 5-2l!Silty clay, clay. |CH, CL A-7 0-3 |90-100!85-100!75-100 65-100
|
42-70 20-45
! * sllty clay loam. t i ii i i
i
121-25 IClay, sllty clay CH A-7 0-15 190-100 J85-100 175-100 65-10oi 50-75 30-45
! 25 IUnweathered J j ... j _ —
-
...




Hagerstown -! 0-4 |Sllt loam CL A-4, A-6 0-3 i90-100!85-10oi80-100 60-90
j
25-32 8-12
i 4-42jSllty clay loam, CL, CH A-6, A-7 0-5 !85-100!80-100!75-100 75-95 { 30-70 15-40
! i sllty clay.
. i i
i i i i
! clay. i i ii i
4
I
i 42 iUnweathered ... i «- , —— ( — j ...
i bedrock.
i i i





Caneyviile -I 0-7 {Silt loam ML, CL,
CL-ML








! 7-24!Sllty clay, clay, CH, CL A-7 0-3 |90-100!85-100{75-100 65-100! 42-70 20-45
t S sllty clay loam.
i i i j
j














OD2, CeF -i 0-4 iLoam CL-ML, CL A-4, A-6 J90-100!85-100i75-95 J60-95 ] 22-33 4-12
Cbetwynd i 4-56jClay loaa, sandy
j j
clay loam, loam.
SC, CL A-4, A-6 i 90- 100 ! 85-100 (70-95 | 40-75 ilit > 20-35 8-18
' 56-80* Sandy loam, loaa, SM-SC, SC, A-2-4, i 76-95 {65-95 ,'60-90 30-65 ! 20-32 5-15













ChB, CbC2 -! 0-14! Silt loaa ML, CL A-4, A-6 ! 100 1 100 i90-100 80-100! 25-40 3-16
Cincinnati 1 14-24 i Sllty clay loaa,






|24-50| Clay loaa, silt CL, CL-ML A-*, A-4 195-100185-95 (75-90 J65-80 1 25-40 6-20







! ! ! ! i








! ! ! 1 1
1 t 1 1 |











































! 6-26|Sllt loan, silt; JCL, ML,
I j clay loan. ! CL-ML















! 39-80 ISllty clay, clay,












!l8-60!Clay, sllty clay |CH





























|22-72 iSllty clay loaa, |CL, CL-ML
j clay loaa, silt
i j loaa.
j 72-801 Stratified silt |CL, CL-ML
j j loaa and sllty
j clay loaa.
{ 0-6 jSilt loaa














































































































































































































































0-6 jSllt loam jML, CL,
! CL-ML
6-43!Silty clay loan, |CH
clay, silty
clay.








































































































































































































































































































































































































































































































































































55-90 150-85 |40-75 ! 20-40
< <
100 i 90-100 180-90 ! 27-36
100 I90-100J80-90 ! 27-36





























































































































































































































































































































































































































































































































Silty clay [CL, CH I A-7, A-6
Clay, sllty clay,[CL, CH |A-7
sllty clay loaa.!


















































































































100 |9O-100!7S-95 45-60 ! 25-35III '
I 1 i I
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APPENDIX D
STATISTICAL STREAM FLOW DATA FOR SELECTED STREAMS
IN WASHINGTON COUNTY (39)
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APPENDIX D-1. STATISTICAL STREAM FLOW DATA FOR
WEST FORK BLUE RIVER ( 39.)
03X2680 ICST FOM HUE RIVED AT SALE*. II
UXATIOR.--llt 31*36- 19*. Ion, 86*OS-4(r. Ill SvlSEi «ec.l7. T.2 I. . R 4 E.. .ihtngton Count/, Hvdrotogic Unit 05140104. on left
Mni M «OMtstrtM side of bridge on tts< Rerket Strut. 0.3S ai Nit of Count; Court House In Siln. 6.0 < upstreaa fro*
Hoggatt Branch, and 6.9 upstreaa fro* aouth.
mumet area.-u.o »i*.
fCMCO OF RECORD. --July 1970 to September 1985. Prior to Oeceecer 10. 1970. nonrecording gage at site O.SS < aomtreea at detue
S.04 ft lower. lov-f loo records not equivalent dut to effluent fro* factor/ entering stroaa froa right tana between tlUi.
SAeX. --Meter-stage recorder Oatua of gage ii 713.00 ft above Rational oeooetic Vertical Oatua of 1929.
AVERAGE DISCHARGE. --IS years. 25.0 ft
J
/s. 17.87 in/yr.
EITR£*£S FOR PERIOD OF RECORD. -tlaiiaua discharge. S.4M ft'/l Hay 1. 19B3. gage height, 13.14 ft froa rating curve eitended above
9O0 ft
J
/s 6y a step-tacbrater anal/sis; ainieue daily. 0.02 ft
1

























3 13 8 13 8
3 2 3
4
2 10 27 15
1 3 25 9 13 4
S 1
CURAT 10* TABLE OF DAILY NEAR DISCHARGES FOR TEAR ER.0IC SEPTEMBER 30
9 10 11 12 13 14 IS 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 23 34
RUBBER OF DATS 1R CUSS
16 11 19 8 8 17 36 31 24 33 25 18 19 22 20 12 11
10 30 35 19 23 IS 22 23 19 19 10 24 23 18 14 7
4 8
4 S
23 14 8 2 8 6 20 18 17 12 21 21 28 34 29 33 24 14 10
5 5 15 9 9 12 S 16 19 27 22 34 29 32 27 23 17 14 IS
3 9 9 7 7 6 5 16 25 17 17 13 33 48 36 20 17 9 S
5 17 15 12 19 IS 21 24 39 36 31 23 32 20 16 11 9 10 4
3 4 10 35 24 29 43 3S 23 22 14 13 25 21 19 20 4 11 6
2 2 3 1 10 21 21 24 43 37 38 43 20 25 26 17 6 13
2 2 3 3 21 18 37 33 32 33 SO 28 24 25 19 13 9
1 7 12 9 S 13 12 22 12 39 32 38 S2 37 26 19 10 6 6
19 16 14 9 25 36 28 16 19 29 23 30 29 21 19
S 10 16 10 11 10 22 21 24 39 27 34 44 23 19




11 S 13 10 8 14 27 25 21 29 34 21 16 15 S 1



































































CLASS VALUE TOTAL ACCUR PERCT CLASS VALUE TOTAL AOUR PERCT
1? 0.74 147 4746 86.62
13 1.0 177 4599 63.94
14 1.4 213 4422 80.71
15 2.0 292 4209 76.82
16 2.8 301 3917 71.49
17 3.8 359 3616 66. 00
18 5.3 40S 3257 59.45
19 7.4 365 2852 52.05
20 10.0 405 2487 45.39
21 14.0 498 2082 38.00
22 20.0 402 1584 28.91
23 27.0 339 1162 21.57
24 269 643 15.39
25 S3.0 178 574 10.48
26 73.0 133 396 7.23
27 100.0 111 263 4.80
28 140.0 SI 152 2.77
29 200.0 37 101 1.64
30 270.0 29 64 1.17
31 380.0 14 35 0.64
32 520.0 13 21 0.38
33 730.0 6 6 0.15
34 1000. 2 2 0.04

















LOWEST MEM DISCHARGE AND RANKING FOR TIC F0LLOWIN6 mMBf.lt OF CONSECUTIVE MTS IN YEAR ENDING MARCH 31
TEAR 1 3 7 14 30 60 90 120 183
1972 0.08 8 0.09 6 0.10 5 0.12 4 0.29 3 0.58 4 0.73 3 O.K 1 2.X 1
1973 O.OS 4 0.11 7 0.17 7 0.31 8 0.56 7 1.10 7 1.40 7 l.X 2 3.10 5
1974 0.08 5 0.08 4 0.08 4 0.13 5 0.41 6 0.54 3 0.67 2 2.X 8 11.X 8
1975 O.OS 6 0.12 8 0.24 8 0.48 9 1.30 11 7.00 12 14.W 14 16.X 13 20.X 14
1976 0.03 1 0.03 1 0.05 1 0.09 2 0.10 2 0.19 2 1.19 6 2.10 6 5.40 7
1977 0.27 10 0.31 10 0.45 11 0.54 10 0.89 9 l.X 8 l.X 9 2.X 9 2.X 3
1978 0.55 13 0.65 13 0.88 13 1.19 13 2.50 13 7.10 13 9.X 13 11.
X
11 13.X 10
1979 0.48 12 0.53 12 0.69 12 1.10 12 2.10 12 3.80 10 8.X 11 14.X 12 14.X 11
I960 2.50 14 2.60 14 3-00 14 4.20 14 6.20 14 8.00 14 8.X 12 17.X 14 16.X 12
1961 0.24 9 0.24 9 0.26 9 0.28 6 0.65 8 1.40 9 l.X 8 2.X 7 3.X 4
1982 0.08 7 0.08 5 0.11 6 0.28 7 0.39 6 l.X 6 1.10 4 1.40 5 2.X 2
1983 0.28 11 0.37 11 0.41 10 0.54 11 l.X 10 5.40 11 7.X 10 9.10 10 16.X 13
1984 0.03 2 0.05 3 0.07 3 0.09 3 0.31 4 0.84 5 1.10 5 l.X 3 12.X 9
1985 0.04 3 0.04 2 0.05 2 0.05 1 0.06 1 0.18 1 0.34 1 l.X 4 4.X 6
HIGHEST KAN DISCHARGE ANO RANKING FOR [HE FOLLOWING NUMBER OF CONSECUTIVE OAYS IN TEAR ENOING SEPTEMBER 30
YEAR 1 3 7 15 30 60 90 120 183
1971 S22.00 10 241.X 13 175.X 10 112.
X
9 77.X 10 49.X 14 41.X 14 34.X 13 24.X 14
1972 963.X t 654.X 2 407.00 2 256. 2 137.X 2 91.X 2 69.X 3 54.X 7 38.X 9
1973 481.X 11 265.X 10 174.X 11 129.X 6 92.X 6 78.X 4 62.X S 55.X 6 51.X 3
1974 789.00 6 382.00 8 202.00 9 108.X 10 75.X 11 56.X 11 54.X 9 48.X 10 44.X 7
1975 700.X 7 417.X 7 210.X 7 107.X 11 86.X 7 71.X 6 68.X 4 62.X 2 Sl.X 4
1976 460.X 12 247.X 12 149.X 13 85.X 13 68.X 12 58.X 10 48.X 11 40.X 11 31.X 12
1977 281.X 14 161.X 14 117.
X
14 7S.X 14 63.X 14 54.X 12 42.X 12 32.X 14 27.X 13
1978 1010.
X
2 517.X 3 XI. 3 167.X 4 96.X 5 64.X 9 SS.X 8 52.X 8 48.X 6
1979 687. 8 334.X 9 207.00 8 122.X 8 8S.X 8 71.X 7 61.X 6 S9.X 3 Sl.X S
1980 333.X 13 249.X 11 170.X 12 93.X 12 6S.X 13 49.X 13 42.X 13 36.X 12 37.X 11
1981 250.00 15 107.X IS 61.X 15 57.X IS 46.X 15 36.X 15 29.X IS 26.X IS 19.X 15
196? 923.X 5 461.X S 230.X 6 202.00 3 118.X 3 77.X 5 60.X 7 Sl.X 9 38.X 10
1983 1540.00 1 890.00 1 S38.X 1 277.X 1 187.X 1 118.
X
1 83.X 1 68.X 1 6S.X 1
1984 650. 9 447.X 6 233.X 5 140.X 5 98.X 4 86.X 3 69.X 2 S6.X 4 Sl.X 2
IMS 964.X 3 S02.X 4 247.X 4 128.X 7 78.X 9 68.X 8 Sl.X 10 SS.X S 41.X 8
ANNUAL VALUES
ANNUAL MEAN OISCHARGE ANO RANKING
IN YEAR ENDING MARCH 31
ANNUAL NEAN OISCHARGE ANO RANKING
































normal nonthly means (all days)
ffiW OCT NOV DEC JAN FEB MARCH APRIL MY JUNE JULY AUG HPT
1970 • • • • • • • • 2.48 1.58 0.43
1971 1.97 5.35 14.90 20.30 78.60 21.50 7.45 7.54 2.19 6.98 1.61 0.93
1972 0-85 0.74 6.44 11.90 25.20 41.20 136.00 8.12 0.94 1.44 2.12 5.08
1973 1.20 24.20 68.60 29.90 28.60 82.40 70.50 15.90 14.X 33.00 3.67 0.42
1974 0.67 26.20 25.X 54.50 20.40 51.60 52. SO 4S.10 21.70 26.00 8.33 33.70
1975 6.17 28.70 30.00 45.80 67.70 73.50 63.00 9.43 5.64 0.42 0.15 4.SS
1976 14.90 15.50 36.50 56.70 50.00 9.65 4.21 2.55 11.80 6.85 3.90 1.98
1977 4.46 3.87 2.33 0.97 29.00 56.60 31.10 12.20 7.54 14.40 28.90 4.50
1978 16.60 35.70 69.20 23.00 9.74 92.60 19.X 48.90 8.94 28.70 20.40 6.94
1979 6.60 27.40 70.50 50.20 60.90 34.70 63.40 9.19 10.00 31.60 20.X 14.60
1980 9.68 64.50 31.90 28.00 15.70 46.80 32.X 17.10 5.49 9.88 3.67 1.33
1981 1.96 4.33 4.67 2.48 15.10 12.40 29.90 26.50 27.00 1.22 1.80 1.75
1982 0.90 3.15 13.70 103.00 35.90 34.70 22.00 14.X 11.10 9.15 9.85 40.00
1983 17.
»
39.90 76.50 24.00 20.00 11.60 90.60 140.00 9.07 0.33 2.41 0.55
1984 45.70 49.40 37.00 11.70 18.30 73.90 87.90 37.40 1.96 15.80 0.16 0.36
was 0.82 13.10 55.60 28.20 56.60 69.00 16.60 6.02 38.00 17.20 30.50 1.96
OCT NOV DEC JAN FEB MARCH
TWENTY FIFTH PERCENTILE
0.90 4.33 U.70 11.90 18.30 21.50
FIFTIETH PERCENTILE
4.46 24.19 31.90 28.00 28.60 46.80
SEVENTY FIFTH PERCENTILE
14.90 35.70 68.60 50.20 56.60 73.50
APRIL MAY JUNE JULY AUG SEPT
TWENTY FIFTH PERCENTILE
19.30 8.12 5.49 1.70 1.66 0.6S
FIFTIETH PERCENTILE
32.30 14.30 9.07 9.51 3.67 1.97
SEVENTY FIFTH PERCENTILE
70.50 37.40 14.30 23.80 17.69 6.47
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APPENDIX D-2. STATISTICAL STREAM FLOW DATA FOR
BLUE RIVER ( 39 )
01)02800 BLUE RIVER AT FR£OERiaS»URG. In
UKATIW.--l.tt U*2t'0?'. Ion) 86>U'3I*. in NEiNWi t«c. 16, T.l S. . R.3 E. . Mithinaton County. Hydro Iodic Unit 0S140104, on
strata stdt of bridoe on U.S. Hfoh. 4r ISO <t Frtdtr icksDuro, . O.S el dowistrti* fraa SauUi Fork Hut f)1v*r. and at all* 57.1.
DRAINAGE AREA.— 283 ai . of «nich 76.9 «i dots not contribute directly to surface runoff.
PERIOD Of RECORD. --Junt 1968 to Stptaatwr 1986.
SAG£.--yater-sti9e recorder. Oatua of 9*3* is 690.00 ft abovt National Geodttic Vertical Oatua of 1929.
AVERAGE DISCHARGE. -17 years. 342 ft
3
/*. 16.41 in/yr.
EXTREMES FOR PERIOD OF RECORD. -Maiiaua discharge. 13.600 ft */l Hay 2. 1963. <)*)* height. 24.37 ft; ainiaua daily. 6.1 ft'/i
Oct. 18. 1968.
EXTREMES OUTSIDE PERIOO OF RECORD. -Flood of Jan. 21. 19S9. rtachtd a stage of 29.20 ft, froa floodaark. on ltft upttrtaa vlnoaall




















12 3 4 6 6 7 8 9 10 11 12 13 14 16 16 17 18 19 20 21 22 23 24 2S 2i
NUMBER OF DAYS IN CLASS
3 13 27 16 17 11 18 11 10 10 23 19 22 24 26 16 24 13 9 12 12 * 6 1 7
12 27 17 14 19 17 14 16 11 14 22 11 21 20 19 22 19 10 18 10 12 4 S 1
1 3 6 11 13 11 8 12 26 27 33 23 22 20 28 20 17 16 22 7 11 $ 10
3 7 6 19 32 16 22 26 20 19 9 19 10 14 21 18 22 16 16 12 10 S 7
3 6 17 18 7 6 9 6 9 8 14 20 13 28 20 28 33 23 26 18 20 7
2 7 11 22 14 7 15 20 9 20 11 15 21 29 16 21 24 14 17 16 IS 13
9 4 17 24 18 10 6 16 11 8 13 14 11 16 14 27 34 29 15 18 13 14
4 7 9 16 7 15 23 21 29 16 21
1 8 26 14 23 12 16 33 21 18 16 9
8 14 19 21
14 23 29 22 23 IS 13 16 12
17 16 13 14 16 14
22
7 10 12 5 15 23 24 35 21 14 19 IS IS
18 18 30 19 24 17 22 IS 23 IS 2S 17 8
1017 15 13
30 39 31 19 24 24 16 22 16 19 10
5 4 11 15 15 14 24 21 22 27 26 23 29 21 21 17 16 13
2 8 11 15 8 12 13 25 19 16 22 24 20 29 29 25 18 18 13 13
S 4 13 14 27 39 39 23 2b 20 13 21 16 18 17 16 16 8 11 S S
5 16 19 26 23 20 IB 22 26 19 16 12 14 21 25 16 15 10 13
2 13 8 10 13 16 13 8 22 IS 11 7 15 19 27 19 22 23 12 17 14 13 17
3 IS 7 IS 10 20 14 22 12












4 2 2 1
1 3 4
2 2 1 1
3 1
12 4 1
4 3 4 3 2









































































































































































































LUES! KAN DISOWNS MB rank IK. FOR THE FOLLOWS II OF CONSECUTIVE DAYS II YEAR ENDING NARCH 31
YEAR 1 3 7 14 30 60 90 120 183
1970 7.90 8 8.X 7 8.80 5 9.00 4 10.00 1 11.
X
1 20.X 1 35.X 7 53.X 5
1971 10.00 10 11.00 10 12.00 10 14.00 10 16.00 8 47.X 10 S3.X 10 S9.X 10 81.X 9
1972 7. SO s 8.60 8 11.00 9 13.00 9 17.00 9 S2.X 11 72.X 11 69.X 11 78.X 8
1973 6.60 l 6.80 1 7.80 2 8.90 2 14.00 S 26.X 8 29.X 8 31.X 4 S2.X 4
1974 7.90 9 9.10 9 9.90 8 11.00 7 15.00 6 19.X 6 21.X 4 49.X 9 182.X 13
197S 12.00 11 13.00 11 14.00 11 20.00 13 28.00 13 S9.X 13 87.X 12 106.X 12 1S6.X 12
1976 7.80 7 8.10 5 9.50 7 11.00 8 16.00 7 17.X S 21.X S 28.X 1 U.X 7
1977 7.10 3 8.10 6 8.40 3 10.00 S 11.00 2 16.X 3 23.X 6 34.X S 32.X 1
1978 16.00 14 15.00 14 18.00 14 12.00 IS SS.OO IS 123.X 15 153.X IS 209.X 15 SI.X IS
1979 20.00 IS 20.00 15 22.00 15 29.00 14 S2.00 14 S9.X 14 114.
X
14 2S1.X 14 199.X 14
1980 3S.00 16 37.00 16 43.00 16 ss.oo 16 93.00 16 176.X 16 183.X 16 X7.X 16 SS.X 16
1981 7.60 6 7.90 4 9.20 6 11.00 6 17.00 10 24.X 7 29.X 7 34.X 6 37.X 2
1982 12.00 12 13.00 12 14.00 12 18.00 11 22.X 11 27.X 9 37. 9 42.X 8 49.X 3
1983 14.00 13 15. 00 13 15.00 13 16.00 12 24.X 12 SS.X 12 99.X 13 112.
X
13 139.X 11
1984 6.70 2 7.30 2 7.70 1 8.90 3 12.X 4 17.X 4 20.X 2 29.X 2 129.X 10
1X5 7.30 4 7.40 3 8.40 4 8.60 1 11.
X
3 14.X 2 20.X 3 29.X 3 60.X 6
HIGHEST KOI DISCHARGE AM RANKING FOR THE FOLLOWING NUMBER OF CONSECUTIVE DAYS III TEAR ENDING SEPTEMBER 30
YEAR 1 3 7 15 30 60 90 120 183
1969 8470.X 7 5S70.X 6 3050.X 8 1980.X 6 1290.X 7 861.X 11 649.X 14 S73.X 13 482.X 13
1970 6780.X 12 3660.X 14 2030.X 13 1360.X 12 1040.X 12 9S0.X 6 •00.X 6 685.X 7 S17.X 11
1971 6940.X 11 39S0.X 11 2440.X 10 1630.X 10 1120.X 9 726.X IS 630.X 15 S27.X 15 C7.X 14
1972 6560.X 13 4340.X 9 3310.X 4 2320.X 3 1320.X 3 1X0. 5 831.X 5 683.X 8 S1S.X 12
1973 7420.X 8 3770.X 12 19S0.X 14 1400.X 11 1020.X 13 900.X 9 209.X 10 616.X 11 S84.X 8
1974 4950.
X
IS 2730.X IS 1740.X IS 12B0.X 15 1090.X 10 XI. 14 770.X 7 681. 9 SS8.X 10
1975 10X0.X 2 6490.X 3 33O0.X 5 1840.X 7 1310.X s USO.X 4 1060.X 1 971.X 1 766.X 3
1976 6980.X 10 3700.X 13 2310.X 11 1300.X 14 992.X 14 X7.X 13 666.X 13 S46.X 14 421.X 15
1977 3470.X 16 2330.X 16 1320.X 16 959.
X
16 121. 16 692.X 16 S97.X 16 470.X 16 409.X 16
1978 9600.X 4 5920.
X
5 3610.X 2 2X0.X 4 1320.00 4 838.X 12 706.X 11 722.X 6 651.
X
4
1979 7040.X 9 4S30.X 7 3130.X 6 2030.X 5 1300.X 6 1220.X 2 9S9.X 4 926.X 2 828.X 2
1980 6490.X 14 4490.X 8 2990.X 9 1680.X 8 USO.X 8 906.X 8 761.X 8 632.X 10 630.X 5
1981 2220.X 17 1390.X 17 8S6.X 17 717.X 17 620.X 17 458. 17 394.X 17 346.X 17 251.X 17
1982 99O0.X 3 6930.X 2 3320.X 3 2900.X 2 1750.00 2 1210.X 3 985.X 3 842.X 4 615.X 6
1983 10800.X 1 8820.X 1 S490.X 1 2940.X 1 2110.X 1 1460.X 1 1040.X 2 8S4.X 3 832.X 1
1964 8S80.X 6 4230.X 10 2100.X 12 1310.X 13 947.X IS 880. 10 715.X 9 610.X 12 S70.X 9
1985 8870. 5 6130.X 4 3070.X 7 1660.X 9 1040.X 11 938.X 7 690.X 12 760.X 5 S92.X 7
ANNUAL VALUES
ANNUAL KAN DISCHARGE AND RANKING
IN YEAR ENDING MARCH 31
AMUAL MAN DISCHARGE AND NANKING




























































































































































































































































































































441.00 378.X 342.00 736.00
107. 00 420.00
SEVENTY FIFTH PERCENTILE


















288.00 18J.X lll.X 132.00

z
z
